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Equation (2.17) indicates that A 0 in this particular case denotes the whole area 
described by mean radius r, with wall thickness t. It is emphasized that A 0 is not 
the actual cross-sectional area of the tube, which in this instance would have been 
equal to 2tv rt. 

It is well to point out that Bredt’s formula also applies to other than circular 
cross sections, provided only that closed sections are involved. However, the error 
of applying this formula to split tubes of any geometry can be very substantial. 
It may also be of interest to note that since the area enclosed by the circular 
contour is a maximum for a given length of a perimeter, a circular tube is more 
efficient in carrying the twisting moment than any other form of a hollow cross 
section. This feature has been exploited in many designs of frames and support 
structures as well as in machine elements where torsional strength and rigidity are 
of importance. 

For instance, if a thin-walled tube of square cross section is compared with 
a circular tube of the same wall thickness and weight, we will find from Bredt’s 
formula, Eq. (2.17), that the shearing stress for the circular tube geometry is 
21% lower. If, instead, we select the enclosed areas as our criterion, the corre¬ 
sponding weight of the circular tube would be 11% lower, although the theoretical 
values of the maximum shear stresses are still the same for both designs. These 
differences in stresses and weights do not seem like very much until we begin to 
consider the economical factors in large frameworks, for instance, transmission tow¬ 
ers, where weight reduction, manufacture, and assembly costs can become signifi¬ 
cant. 

A simple comparison of Eqs. (2.12) and (2.18) also brings out another interest¬ 
ing point—that the sectional property in torsion for a circular tube can be defined 
as I /r or 2 tt r 2 t. It will suffice to state here that other simplified formulas for 
circular cross sections can be obtained in terms of the average tube radius and wall 
thickness for a surprisingly wide range of r/t ratios before any significant design 
errors, caused by this simplifying process, are encountered. 


TORSIONAL RESPONSE OF RECTANGULAR 
CROSS SECTIONS 


In analyzing torsional stresses and rigidity of structural members having rectangular 
cross sections, it becomes necessary to introduce two design factors. In the case of 
the torsional stresses, we find the concept of a section modulus for torsion, denoted 
in this book by K a . It is recalled that in the section on stresses in beams under 
twist, this parameter for a circular geometry depicted the ratio J /r. In dealing 
with the torsional rigidity, it is convenient to introduce the torsional shape factor, 
denoted by K. By analogy to the section modulus and the moment of inertia 
properties listed in engineering handbooks, the K s and K factors are expressed in 
in. 3 and in. 4 , respectively. Using this notation, the two principal formulas for the 
rectangular cross sections can be stated as follows: 


r = 


Mi 

K. 


(2.19) 



